This report describes a problem-based learning activity concerning antibiotic exposure and bacterial resistance in human and veterinary medicine. In addition, learning outcomes and satisfaction of students were recorded by the supervisors of the activity. The students all participated actively in the group work and considered that the small size of the group facilitated interpersonal communication. They believed that working in an interdisciplinary group helped them learn better than if they were following specific courses. They also reported that their mid-term meeting with one of the supervisors was a catalyst for the initiation of a real work group. Concerning the evaluation of the activity itself, the supervisors considered that the group provided a relevant analysis of the issue. These characteristics should encourage teachers to test this method of learning certain aspects of microbiology and infectious diseases with their students.
INTRODUCTION
Innovation has been a very popular concept in education within the two last decades. Concurrently, traditional education practices tend to be progressively replaced by educative curricula centred on students (Bédard et al. 2012) .
Problem-based learning (PBL) is an instructional method that drives all learning via solving an authentic problem that could be encountered in the real world (Marra et al. 2014) . PBL empowers learners to conduct research, integrate theory and practice, and apply knowledge and skills to develop a viable solution to a defined problem. In this student-centred approach inspired from cognitivism and socio-constructivism, the basics are learnt in the context of a problem-solving activity. Interdisciplinary PBL aims to provide students with the opportunities to develop the necessary skills to work with professionals from other disciplines in a collaborative manner. Historically, PBL has been initially implemented in medical education at McMaster University in Canada during the 1950s, as a response to low enrolments and general dissatisfaction with medical education. PBL is now widely used in health education (Imafuku et al. 2014; Kamp et al. 2014; L'Ecuyer et al. 2015) , but also in other contexts and particularly in science, technology, engineering and mathematics (Jones et al. 2013; Estes et al. 2014; Redshaw & Frampton 2014; Jansson et al. 2015; Spelt et al. 2015) .
Our objective was to describe an interdisciplinary PBL activity conducted in a Master's programme with intercultural context, and focused on antibiotic exposure and bacterial resistance in human and veterinary medicine. We also aimed to assess the student feedback about the activity and how they achieved the learning outcomes.
METHODOLOGY AND RESULTS OF THE PBL ACTIVITY

The topic
The PBL topic was proposed to the student group by the pedagogic team (ME, HP and DL) in November 2014 in these terms: 'By considering human and veterinary medicine as well as the potential interactions between humans and animals, develop an argumentation about the possible relatedness between antibiotic exposure and bacterial resistance.'
The PBL activity group
The student group was designed according to the objectives and philosophy carried by the MAN-IMAL programme (Master level) in an interdisciplinary and intercultural perspective. This programme has been recently designed to be a response to the vulnerability and insufficiency of production systems and their management around the triad animal-man-food, partly due to a lack of shared training between the professionals who have a major role to play in public health and food safety (veterinarians, medical doctors, pharmacists, biologists and engineers) (Eveillard et al. 2016) . The student group consisted of five students originating from different countries and scientific educations. Students were: veterinarian (Myanmar), animal production engineer (France), food engineer (Senegal), public health professional (Vietnam) and medical doctor (Cameroon).
Students were supervised by an interdisciplinary group of three professors teaching in higher education, including a doctor specialised in public health (DL), a veterinarian specialised in therapeutics (HP), and a pharmacist specialised in clinical microbiology (ME).
Student group organisation throughout the activity period
The activity was planned for 4 months, from the communication of the case scenario to the students to the deadline for completing the written report. A flowchart of what students did is presented in Fig. 1 . Immediately after they received the case scenario topic, the student group had a meeting to discuss the topic: they shared with each other what they knew and where could Overall 64 184 they find references. No student had any experience relating to antibiotic exposure and bacterial resistance in human and veterinary health. Based on the objectives provided by the supervisors, they decided to stratify their work in three parts: antibiotic exposure and relevant indicators for monitoring this problem at an international level (USA, Europe and France, part 1; bacterial resistance, part 2; and the relationship between exposure and resistance, part 3). Each member was responsible for reading publications related to his/her part and asking the supervisors questions by e-mail if needed. A meeting was organised at the mid-term of the activity (January 2015) with one of the supervisors. The supervisor answered all questions from the student group and suggested additional references. Then, the student group created a group folder on Google Drive in order to update and share their work. The student group had weekly meetings to provide an update on what they had completed since the last meeting and to address and solve difficulties together. They also set a deadline to submit work based on the deadline given by the supervisors.
Students evaluated prospectively the time needed for completing the PBL activity (Table 1) . For the entire group, 184 hours were necessary. Concurrently, each student spent 64 hours on the activity. Of these, 30 hours corresponded to individual work and 34 hours were devoted to group work.
Student group production
Each student read all related publications found on the PubMed database and other references that were suggested by supervisors. A basic framework was built using Mind Mapping software and then the student started to write the report. Regarding the oral presentation, based on the time requirement, the student group decided on the number of slides and the time for presentation allocated to each member. The structure of the presentation followed the structure of the final report. Students prepared slides corresponding to the part in which he/she had been mostly involved. The student group prepared the presentation by writing a detailed outline including linking words and phrases between parts to ensure they were smooth and for avoiding the risk of exceeding time. Students tried to envisage what questions that they might face during the presentation and key answer points for these questions. Just before the presentation day, the student group had a last meeting for training. Each member had to practice in front of the others.
LEARNING OUTCOMES, SATISFACTION OF STUDENTS, AND DISCUSSION AROUND THESE ISSUES
The learning outcomes concerned the final work achieved by the group and the strategies deployed during the PBL activity. These strategies concerned technical features but also the life inside the group. The evaluation of learning outcomes took into account the quality of the written report and oral presentation, the relevance of the conclusions about the issue submitted, and also the capacity of the students for working in a group, with an interdisciplinary and an intercultural perspective. Concerning this last field of the evaluation, the supervisors collected student comments about the PBL activity during the 4-month period by informal individual and collective interviews. The authors have obtained approval from the students for reporting the data recorded during these interviews. In addition the three supervisors attended a meeting after the oral presentation for a debriefing about all the PBL-activity outcomes and giving a mark to the group (A − ).
Informal interviews revealed that this type of learning shared by people from different cultures and different initial educations definitely enhanced the experience of students. Students believed that working in an interdisciplinary group helped them learn better than if they were following specific courses. By dealing with problems in work groups, students truly found they became more mature during the activity period. Sharing and discussing with other group members who had a different background made them work more productively and effectively. They learned how to work, communicate and help each other. An important feature of PBL is that collaboration (sharing information and working productively with others) between students is essential (Savery 2006) to develop strategies to resolve problems, consider alternative solutions, and justify their solutions to others (Paige and Smith 2013) . By analysing video-recorded data and learning portfolios obtained from three multidisciplinary cohorts of health-education students (belonging to schools of medicine, dentistry, pharmaceutical sciences, nursing and physiotherapy), Imafuku et al. (2014) demonstrated the existence of two patterns of knowledge construction: co-construction between students from different disciplines and elaborations between students from the same discipline. According to these authors, the potentiality of interdisciplinary PBL to increase students' collaborative learning skills depends upon the cultural context. In our experience, students considered that their cultural background did not influence their behaviour inside the group, but they considered that their personality was leading the way when they worked as a team. However, because of probable interferences between cultural background and personality, it seems difficult to separate these two variables. They all participated actively in the group work and considered that the small size of the group facilitated interpersonal communication. According to student interviews and the observations of supervisors, no leader really emerged from the group and students claimed that they were all leaders. In our PBL experience, students reported that they had established some good relationships with each other. Some authors identified the social climate within the group as a key factor for the quality of functioning within the group (Van den Bossche et al. 2006) . One of the students considered that gender was one of the key factors that was related to the way they behaved in a group.
A danger of stratifying the case scenario in three parts might be to turn a collective work into independent individual productions. However, by including 10 weekly meetings and collective time for the coordination of the report writing and oral presentation, the second period of the activity ensured authentic group work. The topic was reported as being very interesting by the students. In addition, they considered that their mid-term meeting with the supervisor was a major catalyst for sharing in the group the references and data that had been collected by each member. This is not consistent with the findings of Wijnia et al. (2014) . Indeed, by studying the joint effects of students' interest and tutor's instructional style on motivation and performance in a PBL environment, these authors demonstrated the major importance of students' initial topic interest for subsequent performance in PBL whereas tutor-provided autonomy support did not improve autonomous motivation and performance. Concurrently, Kamp et al. (2013) demonstrated that a mid-term feedback on students involved in PBL groups could have had a real impact on the quality of contributions.
Concerning the evaluation of the activity itself, the supervisors considered that the group provided an interesting analysis of the issue by a relevant analysis of the differences in the strategies followed for antimicrobial prescription in human and veterinary medicine, of the different types of interactions between humans and animals potentially leading to bacterial dissemination, and of the different studies concerning the relatedness between antibiotic usage and bacterial resistance.
CONCLUSION
The students successfully completed their assignments on a complex subject unknown to them. The PBL approach has enabled them to overcome individual difficulties and to set up collective stimulation and production. Finally, the rules of organisation put in place and the social relations in the student group with different professional backgrounds and ethnic origins have represented one of the major keys to success.
